Repair of Scimitar Syndrome  by Pelletier, Glenn J. & Spray, Thomas L.
Repair of Schnitar Syndrome 
Glenn J. Pelletier and Thomas L. Spray 
S cimitar syndrome is a complex constellation of vas- cnlar, bronchial, and parenchymal malformations 
of the rig:It lung. This rare congenital malady was first 
described in autopsy specinlens by Coollcr I in London 
and ChassinaG in Paris in 1836. The llallmark feature 
is anomalous venous drainage of the right hmg that 
produces a distinctive image on anteroposterior chest 
roentgenogram (Fig 1) resembling a scimitar, a Turkish 
sword (Fig 2). It was Neill and associates 3 who recog- 
lfized this resemblance in 1960 and coined the term 
"scimitar syndrome" to describe tills set of anatomic 
aberrations. 
Typically, tile puhnonary (or "scimitar") vein is sin- 
gle, drains tile whole hmg, courses parallel to the rigllt 
heart border in a curvilinear patll, and terndnates in 
tile inferior vena cava below tile diaphra~n. Tile classic 
radiographic appearance is present, in only about one- 
third of reported cases:  In the remaining two-tllirds of 
cases, the vein may be obscured by the right heart 
border or may be a size and shape tllat is less promi- 
nent radiographically. The vein may be muhibranched, 
which reduces its radiographic density. 
Tile extent of rigllt hmg drainage by the anomalous 
vein also varies. Most typically, scinfitar vein drains the 
entire rigllt hmg (Fig 3), but several variations have 
been reported. Tile rigllt upper lobe may drain sepa- 
rately into the left atrium while the relnainder of tile 
puhnonary venous drainage enters the inferior vena 
cava. Alternatively, the anomalous vein nmy drain into 
tile inferior vena cava directly and into the left atrium 
indirectly via a bridging vein. In another path, tile 
rigllt superior pulmonary vein enters eitller tile right 
atrium or tile superior vena cava and the remainder of 
the pulmonary venous blood travels to tile inferior vena 
cava via tile scimitar vein. Tllere have even been re- 
ports of a vein with tlle typical scimitar appearance 
tllat drains the right hmg normally into the left atrimn. 
In all cases but tile last, the left-to-right sllunt via this 
puhnonary venous return is typically less tllan 2:1. 
Variability in the connection between the anomalous 
rigllt puhnonary vein and the inferior vena cava llas 
also been described. Typically this connection is sub- 
iT | '~  diaphra~,matic.' : However, a supradiapllragnmtic ve- 
nous confluence may also lie found:  
Otller malformations in scimitar syndrome nmy in- 
chnlc diminished hmg size, bronchial structural and 
branching defects, and lleculiar lolmtion. Approxi- 
mately 90% of right lungs are hypoplastic. 4 Tills dim- 
:tuition in size is likely to be responsible for tile dex- 
:rovers:on of tile lleart present in many cases. 
Right bronellial abnormalities have been identified 
by broncllography, bronchoseopy, or in patllolo~c 
specimens and cover a vast array of possibilities. 
Branching defects occur in both large and small air- 
ways. The rigllt upper lobe bronchus may be absent, or 
tlle distal airways may be sparsely distributed tllrough 
tile hmg llarenellyma. 3 In some cases, the branching 
pattern is the mirror image of that in the left lung. 
Structurally :lie bronchi themselves may be small, ste- 
not:c, or atretie with areas of divertieulae. 7,a,9 
Lobe abnormalities take various forms. Most com- 
monly one lobe is absent, usually the upper lobe, but 
the nfiddle lobe also may be missing. Hypoplasia of the 
right lower lobe pllenotypically resembles a bilobed 
lung with a sequestration. But unlike a true sequestra- 
tion, this hypoplastie lower lobe has direct bronchial 
communication with the remainder of the bronchial 
tree. 4 Even a unilobate right lung has been described in 
a patient with scimitar syndrome, l~ 
Arterial blood supply to tile malformed right lung is 
anotller llighly variable component of scimitar syn- 
drome. Sources of blood flow to the right lung include 
the right puhnonary artery, bronchial arteries, and 
anomalous systenfic arterial collateral vessels that arise 
principly from the abdominal aorta or its branches. 
Wllereas bronchial artery abnormalities have not been 
described, abnornmlities in tile right pulmonary artery 
are conlnlon. 
Rigllt pulmonary artery size ranges from norlnal in 
40% of cases 5 to atretic or completely absent in rare 
cases. Most commonly, tiffs artery is hypoplastic. As 
might be expected, there is a direct correlation between 
the size of the right puhnonary artery and tlle size of its 
corresponding hmg. 4 Massmni and colleagues ll pro- 
posed t]lat pulmonary venous ollstruction in tlle right 
hlng causes venous engorgement and leads to decreased 
compliance. Tile relatively noncompliant hmg becomes 
llypoventilated, and alveolar collapse develops. Col- 
lapsed alveoli compress capillaries and, coupled with 
imhnonary venous congestion, shift lmlmonary arterial 
blood tlow to tile contralateral hmg. Consequently, 
decreased tlow in tile right l~uhuonary artery or rela- 
tively increased flow to tile left hlng produces a size 
discrepancy in the puhnonary arteries proportional to 
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1 Chest radiograph illustrating the appearance and course of the 
anomalous right puhnonary, or scimitar, vein (arrow). 
3 Pulmonary venogram, left anterior oblique projection. 
The catheter is passed from the groin through the inferior 
vena cava and directly into the scimitar vein. Contrast in- 
jection shows the anomalous vein in its vertical orientation 
and the acute angle at which it enters the inferior vena cava. 
Early OlmCification of the right atrium is evident. 
2 A scimitar. 
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4 Descending aortogram, straight anteroposterior projec- 
tion. A retrograde catheter is placed in the aorta. Contrast 
injection shows an aberrant aortopuhnonary collateral (ar- 
rows) that branches as it approaches the right lung. 
flow and to tile size of the right lung. Several au- 
thors a,7,n lmve suggested that the anomalous ystemic 
arterial collaterals exist to substitute for this dimin- 
ished blood flow through tile pulmonary artery. 
Tlle systemic arterial collateral supply to the right 
lung rarely arises from the thoracic aorta. 4Most typi- 
cally, it comes from one or more vessels that or i~nate 
from the abdominal aorta or its branches (Fig 4). These 
vessels course obliquely and superiorly to pierce the 
right leaf of the diaphragm and then travel within ttle 
iifferior puhnonary ligament o reach the lung surface, 
where they often branch. Their contribution to perfu- 
sion of the lung parenchyma is highly variable, ranging 
from miniscule in very small vessels to complete sys- 
temic supply of the riglit hmg when the right puhnonary 
artery is absent. 6 Most commonly, however, the sys- 
temic arteries upply tile right lower lobe or some of its 
se~nents. 4,7,8,1z Alternatively, flow from these anoma- 
lous arteries may supply both the right lower and mid- 
dle lobes. 7 
When scimitar syndrome is diagnosed in ehihlhood 
(particularly in infaney), it is associated with several 
congenital heart defects with incidence ranging from 
24% to 100%. 4,5,8.13 Atrial septal defect is tlle most 
common of these, accounting for 20%-83% of de- 
fects. 4,5,13"i5 Coarctation of the aorta, ventricular septal 
defect, patent ductus arteriosus, tetralog'y of Fallot, 
and persistent left superior vena cava have also been 
described. 4,5,13-17 Gao and collea~les 16reported 7 of 13 
infants with left-sided lesions, including hypoplastic left 
ventricle, arch obstruction, subaortic stenosis, pulmo- 
nary vein stenosis, and anomalous left coronary artery, 
all of which are associated with poor outcome. 
Although patients with scimitar syndrome can have 
various anatomic nmnifestations of the disorder, all 
present with either one of two distiuct clinical profiles. 
In the so-called "adult" form, the patient is either 
asymptomatic or has recurrent respiratory infections, 
mild exertional dyspnea, heart murmur,  or deforma- 
tion of tlle right hemithorax. Occasionally, the scimitar 
sign is detected on routine chest roentgenogram ob- 
tained for unrelated reasons. The adult form has been 
reported in patients age under 1 year to 73 years, and 
patients generally tolerate the syndrome wel l .  17-19 
These patients typically do not have pulmonary hyper- 
tension and have fewer and less severe associated con- 
genital heart defects, such as secundum atrial septal 
defect, patent ductus arteriosus, or systemic venous 
anomalies. 15,17,19 Systemic arterial collaterals occur in 
approxinmtely 50% of patients with the adult form, but 
very few patients in this group receive substantial blood 
flow to tile right hmg from these vessels. 19 Conse- 
quently, unless an associated heart anomaly contrib- 
utes to a left-to-riglit shunt, the increased ratio of 
pulmonary to systemic blood flow is caused by the 
anonmlous pulmonary venous return. In such cases of 
tlle adult form, this shunt is typically less than 2:1, and 
the patients lead normal lives. 
In contrast, patients with tlle so-called "infantile" 
form of scimitar syndrome typically present within tlle 
first few months of life with failure to thrive, cyanosis, 
respiratory distress, or congestive heart failure. 13-17,2~ 
Sometimes the clinical clues are subtle, such as in an 
infant who is sick but exhibits only dextroversion on 
chest roentgenogram. At the other extreme, an infant 
may have a complex congenital heart defect, such as 
aortic arch hypoplasia, hypoplastic left hear t  syn- 
drome, ventricular septal defects, pulmonary vein ste- 
nosis, or left ventricular outflow tract obstruction. 13-1~ 
Systemic arterial flow to the right lung is more common 
in the infantile form than in the adult form. In fact, 
these systemic arteries upply tile lower lobe and some- 
times se~nents of tile middle or upper lobes where 
puhnonary artery branches are lacking. 16,2~ 
Another characteristic of tlle infantile form (and of- 
ten the factor responsible for the severe symptoms as 
well as the poor prognosis of this form) is pulmonary 
hypertension, which has been reported in 43-100% of 
patients with tiffs form. 1335-17,2~ Factors thought o con- 
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tribute to the pulmonary hypertension include (1) a 
left-to-right shunt from the anomalous pulmonary vein 
to the inferior vena cava; (2) sten~sis of the scimitar 
vein or other pulmonary veins; (3) an associated intra- 
cardiac shunt, such as a ventricular septal defect; (4) 
reduction of the right pulmonary vascular bed due to 
lung hypoplasia; (5) failure of the pulmonary circula- 
tion to adapt postnatally in the face of excessive pul- 
monary blood flow2~; and (6) a left-to-right shunt from 
the systemic arteries that supply the right lung to the 
pulmonary veins and ultimately to the inferior vena 
cava. Some authors propose that the systemic arterial 
shunt is the primary cause of the symptoms and the 
origin of the pulmonary hypertension i the infantile 
fo rm.  20-22 
In any patient with suspected scimitar syndrome, both 
right and left heart catheterizations are needed to confirm 
the diaguosis. Angio~aphy of the heart's right side will 
demonstrate he anomalous puhuonary vein and pulmo- 
nary artery anatomy, whereas aorto~aphy will delineate 
the systemic ollateral supply to the right lung. Hemody- 
namic measurements will detect pttlmonary hypertension 
if present, and hemo~obin saturation data are used to 
calctdatc shunt fractions. In a patient presenting with 
predominantly respiratory infection or dyspnea, bron- 
choscopy, computed tomography of the chest, bronchog- 
raphy, and ventilation scinti~aphy may be used to eval- 
uate the bronchial anatomy and estimate functional hmg 
volume. 
Currently, no single therapy is considered supe- 
rior for treating scimitar syndrome. Because this 
anomaly is rare, prospective randomized evaluation 
would require a lengthy study and the part icipation 
of multiple centers. In addition, the long study du- 
ration would add other variables, such as changes in 
medical technology, patient care, and surgical exper- 
tise, which may impact significantly on outcome. The 
l iterature to date reports several small series each of 
which spans muhiple decades, and it is from these 
data that we outline the therapeutic options for scim- 
itar syndrome. 
Most authors agree that systemic arterial collaterals 
should be eliminated to treat pulmonary hypertension 
and heart failure. 1a,15-17,2~ These vessels can be sur- 
gicaUy ligated or embolized through catheter-based 
techniques. Any additional left-to-right shunt exceed- 
ing 2:1 should be corrected. However, preoperative 
studies hould determine whether an associated cardiac 
defect, the anomalous pulmonary venous return, or 
both contribute significantly to the shunt. When the 
scimitar venous flow accounts for less than a 2:1 shunt 
by itself, surgical correction may be unnecessary. In 
contrast, when the left-to-right shunt hrough the scim- 
itar vein exceeds 50%, this flow should be redirected 
into the left atrium by one of various techniques to 
lessen the volume load on the right ventricle and de- 
crease the risk of late arrhythmias and exercise intol- 
erance. Three options are available for such a repair: 
(1) The scimitar vein can be disconnected from the 
inferior vena cava and an anastomosis made between it
and the left atrium directly or to the right atrium and 
the flow channled through the atrial septum hy suturing 
an intra-atrial baffle; (2 ) the  anomalous connection 
between the scimitar vein and the inferior vena cava 
can be left intact and a long baffle fashioned to redirect 
flow from this connection to the left atrium across the 
septum; or (3) the anomalous vein and the right atrium 
can be incised in parallel and then both openings u- 
tured together to form a wide anastomosis. An intra- 
atrial baffle is then placed to guide flow from this 
anastomosis to the left atrium across an atrial septal 
defect. In some cases, a staged approach in which ligation 
or embolization of the systemic arterial collaterals is fol- 
lowed by surgical repair of the anomalous pulmonary 
venous return may be advantageous. 16~t,22 Lobectomy or 
pncmnoneetomy is best reserved for patients with recur- 
rent infection, persistent henmptysis, thrombosed intra- 
atrial baffles, or marked hypoplasia of the right hmg. 
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5 The chest is entered through a median sternotomy, the pericardium is entered, and tile 
necessary great vessel dissection is done ill preparation for aortic and bieaval cannulation. A
pericardial cradle is created using stay sutures, with the ends of tile sutures along the right side of 
tile pericardium gathered in small clamps to allow fi-cedom of movement of this perieardial edge. 
As shown here, the right pericardial edge is suspended and retracted to the patient's left. The right 
pleura is opened widely to expose the lung and hilum. A limited bilar dissection is done to free the 
anomalous pulmonary vein along its course from the lung to the inferior vena cava below the 
diaphragm. The diaphragm is incised from the inferior vena eava hiatus rightward and laterally to 
meet the point where the scimitar vein enters the vena eava. Note tile diminutive size of the r ight 
lung and the systemic arterial collaterals as they travel within tile peritoneum, pierce the dia- 
phra~n, and reach the inferior lung surface through the inferior puhnonary ligament. 
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6 Interruption of systemic arterial collaterals. The systenfic arteries are dissected from tile 
areolar tissue ~ithin tile inferior puhnonary ligament and are divided between tied ends. Tile 
remainder of tile inferior pulmonary ligament can then be cleared from tile anomalous pulmonary 
vein to further mobilize it. Ahcrnatively, tile arteries can be simply ligated with titanium clips 
(Hemoclip; Week Closure Systems, Research Triangle Park, NC). 
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7 Division of tile scimitar vein. The aorta is eannulated (Researell Medical, Midvale, UT) and 
secured with a single purse-string suture (Ethibond; Ethicon, Somerville, N J). BicavaI venous 
cannnlation is done in a routine fashion witll direct placement of the inferior vena cava ca nnula 
(DLP, Grand Rapids, MI) at the level of the hepatic vein entrance. Continuous cardiopuhnonary 
bypass or deep hypothernfic circulatory arrest can be used. The scimitar vein is divided at its 
junction witll the inferior vena eava, and the caval stuml, is oversewn with a continuous running 
suture in two layers. The remainder of the vein is then mobilized to the hilum of tile lung. 
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8 Creation of a venoatrial anastomosis. Several options are available for rerouting the right pulmonary 
venous return to the left atrium. One method is to create a direct connection between the anomalous 
puhnonary vein and the left atrium. This procedure can be done on cardiopulmonary bypass through a 
sternotomy, as shown, or can be performed through a left thoracotomy without bypass. The primary 
challenge in direct implantation is maintaining correct orientation of the vein so that it does not kink at the 
hilum when the hmg is reinflated and the vein becomes more horizontal rather than vertical. Alternatively, 
an anastomosis can be fashioned between the puhnonary vein and the right atrium and the blood flow 
baffled across the atrial septum into the left side. The choice of the right or left atrium depends on the 
scimitar vein's length and mobility and on its relationship to the lung hihnn. I f  the scimitar vein runs 
anterior to the hilum, then implanting it into the posterolateral wall of the right atrium is recommended. If  
the scimitar vein courses deep within the hilum, then implanting it into the posterior wall of the left atrium 
may be the best option. In either circumstance, the right pericardium is incised widely to create a window 
posterior to the phrenic nerve. The pulmonary vein can then be sized to the appropriate length to avoid 
redundancy or kinking. The orifice of the vein is enlarged by cutting longitudinally along its anterior length. 
I f  the left atrium is chosen for the anastomosis, it is mobilized by dissecting from the interatrial groove 
posteriorly to adequately free the left atrial wall. A left atriotomy is then made in line with the course of the 
pulmonary vein as it passes through the window created in the pericardium. It is important o ensure that 
the vein lies correctly; distortion of this vessel can obstruct blood flow with consequent thrombosis. Enough 
atrial tissue should be resected to allow for a widely patent anastomosis. The pulmonary venoatrial 
anastomosis  constructed using a running continuous absorbable suture. 
I f  the right atrium is chosen for the repair, then a large, vertical right atriotomy is made from the junction 
of the right atrium and inferior vena cava toward the appendage. From within the right atrium, the 
pulmonary vein is aligned with an existing or proposed site for an atrial septal defect. A right atriotomy is 
then made in the posterolateral wall while proper alignment of scimitar vein and atrial septal defect is 
maintained. The pulnmnary venoatrial anastomosis then constructed as described for the left side. 
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9 Creation of all atrial septal defect. If a secundmn atrial septal defect is present, it must 
be large enough to accommodate all of tile right pulmonary venous return without restriction. 
If it is not, then the defect must be enlarged by further excising septmn until its diameter is 
at least as large as tile dialnetcr of the venoatrial anastomosis. When no defect exists 
naturally, the fossa ovalis should be excised liberally, as shown. An adequate rim of septal 
tissue should remain so that a baffle can be sewn in place without encroaching on tile coron,3ry 
sinus or the orifice of the superior vena eava. 
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l O Baffle placement. A piece of native pericardium is harvested 
either when the initial pericardiotomy is done or when tile baffle is 
constructed. Within tlle right atrium, the pericardimn is cut to cover the 
orifices of both tlle venoatrial anastomosis and the atrial septal defect. 
The baffle must be cut ~ith enough redundancy to allow it to billow as 
blood enters from tile pulmonary vein cn route to tile left atrium. I f  tile 
baffle is too taut, then flow across it will be restricted and thrombosis is 
possible. Excess fatty tissue is dissected from the pericardial surface, 
and this baffle material is p6sitioned so the mesothelial surface faces tile 
left atrial side. The baffle is then sewn into position using a continuous 
running suture. As mentioned previously, care must be taken not to 
narrow the ostia of the coronary sinus or the superior vcna cava. The 
arrow indicates tile direction of ldood flow across the baffle. 
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11 Closure of the right atriotomy. This figure shows a completed repair in which tile 
anomalous pulmonary vein is connected to tile posterolateral wall of tile right atrium. Note 
tile ghosted illustration of tile phrenie nerve traveling uninterrupted along the pericardium. 
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12 Long baffle repair. If the anomalous lndmonary vein courses along tile posterior 
surface of the hmg or appears too short to reach either atrium for a venoatrial anasto- 
mosis, then an alternative repair is creation of a long baffle fi-om the vein's entry into the 
inferior vena cava Ull to an atrial septal defect. In this case the seinfitar vein is not 
divided, and a vertical right atriotomy is created from the base of the atrial api)endage 
to the proximal inferior vena cava just short of the venous eannula. As in the case of a 
pulmonary vein-to-right atrium anastomosis, if an atrial septal defect is small or not 
present, then one must he enlarged or created to allow unlinfited flow fi'om right to left. 
Native pericardium is used for the baffle, which is ohlong-shal)ed and must be of adequate 
width to accommodate the entire right puhnonary venous return without restriction. The 
baffle is sewn into position with a continuous rnnning suture, with care taken to avoid 
compromising coronary sinus or superior veua eaval return. 
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13 (A) Side-to-side venoatrial anastomosis. Another alternative to repairing tile anomalous 
right pulmonary venous drainage is to incise both the posterolateral wall of the right atrium and the 
medial wall of tile scimitar vein, and then join them ill a widely patent anastomosis. Tile standard 
vertical right atriotomy is made and extended onto the inferior vena cava just short of tile venous 
cannula. The pericardium is incised posterior to the phrenic nerve starting at its reflection onto the 
inferior vcna cava and extending superiorly above the right hmg hilum. Beginning at the inferior 
vena cava, the scimitar vein is cut along its medial ength from its orifice to the continence of its 
branches at the hilum. (B) The right atrium is incised. Be~nning at the inferior vena cava from the 
orifice of the scimitar vein, tile right atrium is cut vertically along its posterolateral wall for a length 
equal to that of the incision in the vein. 
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] [4  Creation of the anastomosis. From within the right atrimn, the scimitar vein and tile 
posterolateral right atriotomy are aligned so that the most posterior sides and tile most anterior 
sides of both incisions arc apposed. The pulmonary vein is then scl~'tl to the right atrium using 
a continuous running absorbable suture. 
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15 Baffle placement. As with tile previous baffle repairs, the atrial 
septal defect must be large enough to allow unrestricted right pulmonary 
venous flow into tile left atrium. Native pericardium is cut to a size that 
will cover tile pulmonary venoatrial anastomosis and the atrial septal 
defeet, yet he redundant enough to aeeommodate right hmg venous 
return without restrielion. The baffle is sewn into position using a 
continuous running suture, with care taken to not narrow the orifices of 
the coronary sinus or the superior vena eava. The right atriotomy is 
then dosed. 
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] [6  Schematic iUustrations comparing the long baffle technique and side-to-side pulmonary 
venoatrial anastomosis for repair of scimitar syndrome. (A) In long baffle repair, pulmonary 
venous return nmst flow directly inferiorly to tile orilice of the scimitar vein and then chang, e
abruptly to a superior direction, making nearly a 180 ~ turnabout. This baffle technique, 
particularly in a low-pressure pulmonary venous circuit, may produce stenosis, promote stasis, 
and lead to thrombosis. (B) In a side-to-side puhnonary venoatrial anastomosis, pulmonary 
venous return flows directly across tim baffle to the atrial septal defect in nearly a horizontal 
plane. Tiffs flow pattern is possible because tile scimitar vein is opened and the anastomosis is 
widely patent. Theoretically, this technique reduces the risk for stenosis and obstruction of 
inferior vena caval return. 
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Restflts 
The resuhs for treating scimitar syndrome nmst be 
evaluated while keeping several factors in nfind. First, 
the infantile form of tim disease is more severe titan the 
aduh form. Second, most studies are small and retro- 
spective, and tlms conclusions about optintal tllerapy 
are based in part on chance outcomes, not necessarily 
outcomes resulting from a specific intervention. Third, 
because this syndrome is rare, all studies have been 
compiled over several decades. As sucll, these studies 
do not account for changes ill surgical techniqne and in 
tim care of critically ill patients that have evolved over 
tlte study periods. But despite these linfitations, useful 
infornmtion obtained by mauy investigators forms (lie 
basis for treatnmnt recommendations for scimitar syn- 
drome. 
In tile infantile form of scimitar syndrome, medi- 
cal nlanagemcnt typically carries a mortal ity of 33- 
100%. 13,15,16,2~ Conversely, a single study fl'mn Najm 
and colleagues ~7 showed only one of seven infant deaths 
in those not nndergoing surgery or catheter-based in- 
tcrvcution. However, whether these sevcn infants had 
puhnonary hypcrtcnsion or hcart failurc is unclcar 
front tlfis study. This inforntation is inq)ortant bascd on 
data from Dupuis and associates, 2~ wllo reported on 25 
patients with the infantile fomn of scimitar syndrome. 
Tcn of tlmsc patients wcrc trcatcd nlcdically, and mor- 
tality was 70%. These authors reported that the sever- 
ity of symptoms, level of pulmonary l)rcssure, and a 
younger age of presentation all influenced prognosis. 
The surgical approach to the infantile form of 
scimitar syndronm has varied. Occlusion of tile sys- 
tcnfic artcr ial  collatcrals alone, citltcr by surgical 
ligation or catl lctcr cmbolization, is associated with 
poor resuhs,  with a mortal ity of 16-60%. 1s,15-17,:~ 
The long baffle rcpair has bccn associated with stc- 
nosis 17 or occlusion, ~s and subscqucnt pncnmoncc- 
tomy is often ncccssary. Division of the scinfitar vcin 
and rcimplantation i to cithcr thc lcft atr ium or tile 
right atr imn with construction of all intra-atr ial  bar- 
tie has been done with possibly improved resuhs. 
Hnddlcston and coworkers I reported tllat five pa- 
ticnts treated with tiffs tcchniquc wcrc alive and wcll 
at midterm follow-ull. Howcvcr, only three paticnts 
rcqnircd no furthcr  treatment.  One i)aticnt under-  
went pncumonectomy for baffle occlusion, and an- 
other rcccivcd a hmg transplant for bilateral pnhno- 
nary vein stcnosis. 
Medical management for the aduh form of scimitar 
syndrome has produced good results. Dul)uis and 
colleagues 19reported on 122 l)atients, 85 of whom did 
not undergo surgery; 79 of these 85 wcrc alive and 
well. Two patients had chronic bronchitis atul four 
had .recurrent lmntoptysis, l)nt all six wcrc able to 
conduct normal livcs. In comparison, the 37 patients 
who underwent surgical repair ,  involving division of 
the scinfitar vein and reiml)lantation into the left 
atr inm, bad mixed results. Twelve patients (33%) 
had a good outcome; 21 suffered postoperative rcspi- 
ratory complications and uhimatcly had poor long- 
tcrm rcsuhs, hi addition, tltcrc was an 11% opera- 
tive mortal ity not sccn in tlle medically ntanagcd 
paticnts. The poorer outcomes for many surgically 
treated patients were attr ibuted to throml)osis of tlle 
vcnoatrial anastomosis. SchrameP 2 noted a similar 
resuh in a smaller series. 
Interestingly, the long baffle technique has produced 
bcttcr rcsuhs in thc adult form than in thc infant form. 
Howcvcr, it llas shortcomings. Murphy and associatcs 23
rcportcd tllat fivc of six paticnts had a good short-tcmn 
outcome, but the sixth patient had an intmcdiate post- 
operative death. Sinfilarly, ill the series fi'om Najm, 17 
two of 11 (18%) aduh patients who underwcnt long 
baffle repair developed pulmonary vein stenosis. One 
of these patients had the baffle excised, the atrial scptal 
defect closed, and the scimitar vcin left intact. 
Rcgardlcss of wltctllcr the long bafflc tcclmiquc or 
division and rcimi)lantation of tim scimitar vein into all 
atrimn is used, pulmonary venous stcnosis, obstruc- 
lion, and thrombosis remain tile major obstacles to a 
successful repair in scimitar syndrome. As an alterna- 
tive repair, we propose a side-to-side venoatrial anas- 
tomosis (Figs 13-15).  This tccllniquc provides a widely 
patent anastonlosis and allows for a sllort baffle. Com- 
pared to the long baffle repair, in which pulmonary 
venous blood flow nlust course through a sltarp angle 
and be redirected nearly 180 ~ tlte side-to-side anasto- 
mosis allows for direct flow across the baffle to tile left 
atriunt on a horizontal plane (Fig 16). Compared to 
division of the scimitar vein and creation of an end-to- 
side venoatrial anastomosis, the side-to-side connection 
is larger and potentially less prone to llemodynamically 
significant stenosis. Ahhough tiffs side-to-side anasto- 
mosis has not been tested in a formal study, it theoret- 
ically will reduce anastomotic stenosis, stasis of blood 
flow, and pulnmnary venous thrombosis. 
Conclus ions 
Scimitar syndrome is a complex anomaly comprising 
various vascular, tlronehial, and parenehymal de- 
rangements of tile right lung. The clinical phenotypes 
are tile infantile and aduh forms. The infantile form is 
characterized by heart failure, pulmonary hyperten- 
sion, associalcd cardiac defects, and a presentation 
before age 1 year. Therapy is best directed at correct- 
ing all malfornmtions early. Occlusion of tile arterial 
collaterals can bc (lone as part of a complete surgical 
repair or by catheter embolization to temporize very ill 
infants. Associated heart malformations, 1)articularly 
left-sided o])strncting lesions or others that contril)utc 
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to puhnonary hypertension, should be corrected surgi- 
cally along with repair of the anonmlous pulmonary 
venous drainage. Medical management is ineffective in 
treating the infantile form. 
The adult form is characterized by few or no symp- 
toms or an incidental presentation later in life. Surgical 
intervention is not necessary unless the left-to-right 
slmnt from the anomalous pulmonary vein exceeds 
50% or the pulmonary vascular esistance is elevated 
without another identifiable cause. 
In all cases, pulmonary resection should be limited 
to patients with thrombosed intraatrial baffles, chronic 
pldmonary hffections, recurrent hemoptysis, or nmrked 
right hmg hypoplasia. 
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